5% ASR =

® & : Pacific
. 8 @ » Atmospheric Northwest
“y8 2% System Research A

An overview of
irrigation impact
on land-
atmosphere-cloud
Interactions

Yun Qian, Zhao Yang, Larry Berg,
Ying Liu, William Gustafson,
Zhe Feng, and Jerome Fast

ENERGY yun.gian@pnnl.gov




¢ ASR Background

Atmospheric
System Research

LY0% 2%

8

» Irrigation is critical to agriculture in the United
States: in 2012, irrigated farms accounted for
~50% of the total value of crop sales on 28

2015 withdrawals by category,
in billion gallons per day
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in the US, and over 80 percent of water
consumptive use is for irrigation purposes;

» Irrigation perturbs the surface water and
energy budgets, and could modulate local to
regional atmospheric processes via a mix of
biogeophyscial and biogeochemical feedbacks;

» LULCC effects, including those induced by
irrigation, account for 40% + 16% of the
human-caused global radiative forcing from
1850 to present day (high confidence, CSSR, 4t
NCA)
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Irrigation leads to an intensified hydrologic cycle Irrigation-induced changes in frequency (%)
over the irrigated regions (Yang et al., 2019) for each LLJ category (Yang et al., 2020)
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Irrigation increases precipitation mainly through Mesoscale
Convective Systems (MCS). MCS precipitation increases by 65% (Top) Warm bias of surface air temperature in climate models.
over the chosen region (magenta box). (Qian et al., 2020) (Bottom) Simulated irrigation-induced cooling (Qian et al., 2020)
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1. Irrigation intensifies the hydrological cycle and land-atmosphere interactions over the
irrigated regions, reflected by the increased precipitation, evapotranspiration, recycling
ratio, and moisture export.

2. Irrigation reduces the frequency of intense LLJs over the Great Plains because irrigation-
induced surface cooling and a mid-level trough decrease favorable conditions for forming
LLJs.

4
3. Including irrigation improves the modeled frequency of low-level jets, and spatial patterns,
diurnal cycles, and propagation of MCSs.

O 4. Irrigation increases simulated precipitation over the Central United States by increasing
the frequency of MCSs, reducing the persistent warm biases in surface air temperature that
plague climate models.
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